3D Analysis of Normal and Pathological Gait Based on Low-Cost Wireless Accelerometers by Boutaayamou, Mohamed et al.
3D ANALYSIS OF NORMAL AND PATHOLOGICAL GAIT BASED ON 
LOW-COST WIRELESS ACCELEROMETERS 
Mohamed Boutaayamou1, 2, Cédric Schwartz1, Olivier Brüls1, Vincent Denoël1, Marie Demonceau3, Didier 
Maquet3, Bénédicte Forthomme1, Jean-Louis Croisier1, Gaëtan Garraux4, 5, and Jacques G. Verly2 
1Laboratory of Human Motion Analysis (LAMH), University of Liège, Liège, Belgium 
2INTELSIG Laboratory, Dept. of Electrical Engineering and Computer Science, University of Liège, Liège, Belgium 
3Department of Motricity Sciences, University of Liège, Liège, Belgium 
4Movere Group, Cyclotron Research Center, University of Liège, Liège, Belgium 
5Department of Neurology, University Hospital Center, Liège, Belgium 
Contact: mboutaayamou@ulg.ac.be 
Abstract 
We describe the principle and use of a new low-cost, wireless, 3-axis accelerometer-based device that records 
acceleration signals and automatically analyses them to characterize normal and pathological gait. 
 
This work is part of a project that deals with the 
three-dimensional (3D) analysis of normal and 
pathological human motion based on a newly 
developed system for clinical applications, using 
low-cost wireless accelerometers and signal 
processing. Neurologists specialized in human 
motion disorders are indeed very interested in the 
development of innovative, quantitative techniques, 
and their possible use in clinical practice, e.g. in the 
diagnostic and analysis of Parkinson disease.  
Our research aims at the extraction of gait 
parameters to contribute to the understanding of 
these motion disorders as well as to the critical 
analysis and development of new therapeutic 
strategies. For this purpose, we have successfully 
developed and used a low-cost, wireless, 3-axis 
accelerometer-based hardware system to record 
gait acceleration signals (Figures 1 and 2). We have 
also developed a signal-processing algorithm 
capable of automatically extracting, from these 
signals, on a stride-by-stride basis, gait events such 
as the heel strikes, toe strikes, heel-offs, and toe-
offs, which characterize the stance and the swing 
phases of walking. Our hardware and algorithm 
have been validated by comparing the times of 
occurrence of each of these gait events with those 
obtained both by another kinematic 3D analysis 
system based on active markers and by a force 
platform. The comparison demonstrates that our 
new wireless accelerometer hardware and related 
algorithm constitute an effective low-cost gait and 
walking analysis system, which could thus be used 
for the assessment of mobility in routine clinical 
practice. 
 
Figure 1: Wireless, 3-axis accelerometer-based 
hardware system: (a) 3-axis accelerometers, (b) 
transmitter module, (c) receiver module. 
 
Figure 2: Position of the sensors (the 3-axis 
accelerometers and the active markers). 
